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Interlab  ora  tca:y  Inter  coitpar  ions 


of 


U0-¥att  T12  Cool  White  Fluorescent  Lamps 


Absiract 


A group  of  six  iiO-watt  T12  cool  white  fluorescent  lamps  were  measured  by 
each  of  eight  laboratories.  Ihe  luminous  flux,  current,  Ian?)  voltage,  lanp 
watts,  and  the  x and  y chroma ticity  coordinates  were  measured.  The  line  voltage 
was  held  constant  at  236  volts  across  the  lamps  in  series  with  a reactor  having 
k39  ohms  and  7-8^  power  factor.  Ihe  results  of  the  measiirements  made  by  the 
individual  laboratories  and  an  analysis  of  the  results  are  given  in  this  report. 


This  inter comparison  was  undertaken  to  determine  the  uniformity  of  measure- 
ments on  UO-watt  T12  cool  white  fluorescent  lan^s  made  at  the  participating 
laboratories.  The  laboratories  participating  and  the  order  of  reading  are  as 
follows: 


I.  General  Electric 

II.  Electrical  Testing  Laboratories 

III.  Westinghouse 

IV.  Duro  Test 

V.  National  Bureau  of  Standards 

VI.  Sylvania 

VII .  Chanpion 

VIII.  Interlectric 


The  order  in  which  the  laboratories  made  their  measurements  was  chosen  to 
reduce  shipment  of  the  lamps  as  much  as  possible.  Each  laboratory  followed  its 
own  customary  procedure  in  making  the  measurements.  Measurements  in  each  lab- 
oratory were  obtained  by  holding  the  line  voltage  at  236  volts.  A reference 
ballast  adjusted  to  h39  ohms  and  7 to  8^  power  factor  was  used.  The  supply  was 
connected  to  the  marked  pins. 

During  the  intercomparisons  the  lanp  numbers  became  almost  illegible  and 
the  laitps  were  renumbered  by  one  of  the  laboratories.  Each  lanp  thus  has  two 
numbers  and  these  are  listed  below. 


I.  Introduction 


Old  number 
1 


New  number 


CW-1 

CW-2 

CW-3 

CW-h 

CW-5 

CW-6 


h 

6 

7 

8 

10 


The  new  numbers  are  used  in  this  report 
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II.  Results  of  Measurements 


The  results  reported  are  given  in  Tables  1 through  7.  The  averages  re- 
ported for  each  lan^)  and  for  each  laboratory  are  given.  The  difference 
between  the  average  for  each  laboratory  and  the  average  of  all  laboratories 
for  all  lan^js  is  also  given  in  the  tables. 

Table  1 

Luminous  Flux  in  Lumens 


Lamp  Mo. 

G.IE. 

ETL 

West 

Duro  T 

MBS 

syl 

Champ 

In  ter  1 

Ave. 

CW-1 

2623 

2510 

25^6 

2528 

21(95 

2ii90 

2510 

2ii65 

2522.1 

CW-2 

2636 

2525 

2559 

2556 

25OU 

2502 

2538 

2ii70 

2536.2 

CW-3 

26lii 

2h9^ 

255U 

2526 

21(95 

2528 

21j98 

2h70 

2522.5 

cw-li 

2600 

2li90 

25U9 

2520 

2h9^ 

2h9h 

2500 

2ii60 

2513.5 

cw-5 

2625 

2510 

2575 

25ilO 

2509 

2502 

2508 

2500 

2533.6 

CW-6 

2573 

2U90 

2533 

2520 

2li71 

21(78 

2h92 

2175 

250I1.O 

Ave. 

2611.8 

2503.3 

25^ii.3 

2531.7 

2li9ii.8 

2li99.0 

2507.7 

21(73.3 

2522.0 

A 

+89.8 

-18.7 

+32.3 

+9.7 

-27.2 

-23.0 

-lh.3 

-U8.7 

^ A 

+3.56^ 

-.7h% 

+1.28^ 

+.38^ 

-1.08$ 

1 — 1 
0\ 

• 

1 

-.57$ 

-1.93$ 

Lamp  Nd. 

G.£. 

ETL 

Table  2 

Current  in  Anperes 
West  Duro  T MBS 

Champ 

In  ter  1 

Ave. 

CW-1 

.h33 

.1^32 

.1+32 

.1+33 

.1+25 

.1+36 

.1+33 

.1(35 

.1+321+ 

CW-2 

.li33 

.1|30 

.1+30 

.1+32 

.1+23 

.1+33 

.1+32 

.1+30 

.1+301+ 

CW-3 

.I43I4 

.h31 

.1+31 

.1+31+ 

.1+21+ 

.1+32 

.1+31+ 

.1+35 

.1+319 

CW-li 

.1(35 

.U33 

.1(32 

.1+35 

.1+21+ 

.1+36 

.1+35 

.1+35 

.1+331 

cw-5 

.1(35 

.132 

.1+31 

.1+31+ 

.1+26 

.1+31+ 

.1+31+ 

.1+30 

.1+320 

CW-6 

.1(35 

.1+33 

.1+31 

.1+31+ 

.1+26 

.1+31+ 

.1(35 

.1(35 

.1+329 

Ave, 

.Ii3li2 

.1(318 

.1+312 

.1+337 

.1+21+7 

.1+31+2 

.1+338 

.1(333 

.1+321 

A 

+.0021 

-.0003 

-.0009 

+ .0016 

-.0071+ 

+.0021 

+.0017 

+ .0012 

$ A 

+ .1|8$ 

-.07$ 

-.21$ 

+ .37^ 

-1.7W 

+ .1+8$ 

+ .39$ 

+ .28$ 
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Table  3 


Lamp  Volts 


Lamp  No. 

G.  £• 

ETL 

West 

Duro  T 

NBS 

gyl 

Champ 

Interl 

Ave. 

CW-1 

99.7 

99.3 

100.0 

99.8 

100 

98.0 

101.1 

98 

99.31 

CW-2 

99.7 

99.3 

100.9 

101.5 

100 

99.0 

102.1 

98 

100.09 

CW-3 

99.7 

99.0 

100.7 

101.  li 

100 

100.0 

99.8 

97 

99.70 

cw-it 

98.8 

98.3 

96.6 

99. 

99 

97.3 

100.0 

98 

98.  U8 

cw-^ 

98.7 

98.3 

100.6 

99.6 

100 

99.0 

101.0 

99 

99.55 

CW-6 

99.3 

98.3 

101.9 

100.1 

100 

98.5 

100.7 

100 

99.88 

Ave. 

99.32 

98.92 

100.12 

100.30 

99.83 

98.67 

100.78 

98.33 

99.53 

A 

-.21 

-.61 

+.39 

+ .77 

+ .30 

-.86 

+1.25 

-1.20 

? A 

-.21$ 

-.62$ 

+ .39$ 

+ .77$ 

+ .30$ 

00 

• 

1 

+1.2ii$ 

-1.22$ 

Table  U 
Watts 


Lamp  No. 

G.E. 

ETL 

West 

Duro  T 

NBS 

Syl 

Chanp 

Interl 

Ave. 

CW-1 

39.U 

39.1 

39.2 

39.2 

38.6 

38.9 

39.6 

I4O 

39.25 

CW-2 

39.3 

39.1 

39.3 

39.2 

38.7 

39.0 

39.7 

l40 

39.31 

CW-3 

39.5 

39.1 

39.6 

39.5 

38.7 

39.3 

39.1 

39 

39.22 

cw-U 

39.2 

38.9 

39.1 

39.2 

38.5 

39.7 

39.3 

I4O 

39.2I4 

cw-5 

39.2 

38.8 

39.5 

39.1 

38.6 

39.1 

39.6 

l40 

39.214 

CW-6 

39.1i 

39.2 

ko.i 

39.14 

38.9 

39.2 

39.5 

la 

39.59 

Ave. 

39.33 

39.03 

39.30 

39.27 

38.67 

39.20 

39.  U7 

140.00 

39.31 

A 

+.02 

-.28 

+.19 

-.OU 

-.6I4 

-.11 

+ .16 

+ .69 

^ A 

+.05$ 

-.72$ 

+ . 148$ 

-.10$ 

-1.66$ 

00 

CVJ 

. 

1 

+ .l4l$ 

+1.72$ 

Table  ^ 

Liimens  per  Watt 


Lamp  No. 

G.E. 

ETL 

West 

Duro  T 

NBS 

Syl 

Champ 

Interl 

Ave. 

CW-1 

66.5 

6I4.I 

65.2 

6U.5 

6I4.6 

6I4.O 

63. 14 

61.6 

6I4.2I4 

CW-2 

67.1 

6I4.I 

6U.9 

65.2 

6I4.7 

614.2 

63.9 

61.7 

6I4.5I4 

CW-3 

66.2 

63.8 

6I4.5 

6I4.0 

6I4.5 

6I4.3 

63.8 

63.3 

6I4.3O 

CW-14 

66. 14 

6I4.O 

65.2 

6I4.3 

6I4.8 

62.8 

63.6 

61.5 

614.08 

cw-5 

66.9 

6I1.7 

65.3 

65.0 

65.0 

6I4. 0 

63. 14 

62.5 

6I4.6O 

CW-6 

65.3 

63.^ 

63.7 

6I4.0 

63.5 

63.2 

63.0 

60. 14 

63.32 

Ave. 

66.I4O 

6I4.I2 

6I4.8O 

6U.50 

6I4.52 

63.75 

63.52 

61.83 

614.18 

A 

+2.22 

-.06 

+ .62 

+.32 

+ .3I4 

-.I43 

-.66 

-2.35 

%A 

+3.314$ 

-.09$ 

+.96$ 

+.50$ 

+ .53$ 

-.67$ 

-1.0l4$ 

-3.80$ 

-u- 

Table  6 
X Coordinate 


Lamp  No. 

G.E. 

ETL 

West 

Duro  T 

NBS 

Champ 

Interl 

Ave. 

CW-1 

.3692 

.371 

.370 

.3711* 

.368 

.371 

.372 

.372 

.3706 

CW-2 

.3691 

.370 

.370 

.3710 

.369 

.370 

.371 

.371 

.3701 

CW-3 

.3690 

.371 

.370 

.3692 

.368 

.370 

.371 

.372 

.3700 

CW-li 

.3685 

.371 

.370 

.3683 

.368 

.371 

.371 

.372 

.3700 

cw-5 

.3691* 

.370 

.370 

.3698 

.368 

.370 

.371 

.371 

.3699 

CW-6 

.3695 

.370 

.370 

.3702 

.369 

.371 

.371 

.373 

.3705 

Ave. 

.3691 

.3705 

.3700 

.3700 

.3683 

.3705 

.3712 

.3718 

.3702 

A 

-.0011 

+.0003 

-.0002 

-.0002  ■ 

-.0019 

+.0003 

+ .0010 

+.0016 

%A 

-.30^ 

1 

. 

0 

CD 

-.055s  -.05$ 

-.52* 

+.08^ 

+ .27^ 

+ .1*35S 

Table  7 

y Coordinate 

Lanp  No. 

G.E. 

ETL 

West 

Duro  T 

NBS 

Champ 

Interl 

Ave. 

CW-1 

.3737 

.371* 

.373 

.3733 

.371 

.376 

• 316 

.377 

.37U2 

CW-2 

.3729 

.373 

.372 

.3730 

.371 

.372 

• 313 

.376 

.3729 

CW-3 

.3736 

.371* 

.372 

.3738 

.371 

• 313 

.375 

.376 

.3736 

CW-h 

.3735 

.373 

.372 

.3731* 

.371 

• 313 

• 313 

.377 

.3732 

CW-5 

.3730 

.373 

.372 

• 3131 

.371 

.371* 

.375 

.377 

.3735 

CW-6 

.3752 

.373 

.372 

.371*1 

.371 

• 313 

• 313 

.377 

.3735 

Ave. 

.3736 

• 3133 

.3722 

.3731* 

.3710 

.3735 

.371*2 

• 3161 

.3735 

A 

+ .0001 

-.0002 

-.0013 

-.0001 

-.0025 

.0000 

+.0007 

+.0032 

% A 

+.03$ 

-.05$ 

-.35^ 

-.03^ 

-•61% 

0% 

+ .19^ 

+ 

• 

CD 

vn 

III. 

Analysis  of  the 

Results 

An  analysis  of  the  results  of  the  measurements  has  been  made  following  a 
modification  of  the  method  described  by  ¥.  J.  Youden(l)» (2), (3)»  This  is  also 

(1)  Graphical  Diagnosis  of  Inter lab oratory  Test  Results,  Industrial  Quality 
Control.  Vol.  XV,  No.  11,  May  1959* 

(2)  Product  Specifications  and  Test  Procedures,  Industrial  and  Engineering 
Chemistry,  Vol.  ^0,  page  91A,  October  1958. 

(3)  Circumstances  Alter  -^e  Cases,  Industrial  and  Engineering  Chemistry,  Vol.  50, 
page  77A,  December  1958. 


\ 


I 

i 
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a modification  of  the  method  used  in  1©S  Report  66o5,  "Interlaboratory  Inter- 
comparisons of  32-Watt  TIO  Cool -White  Circline  Lamps".  The  method  is  as 
follows : 

Let  represent  the  average  lumen  value  for  the  odd  numbered  lamps  re- 
ported by  an  individual  laboratory  and  let  yj^  represent  the  average  lumen 
value  for  the  even  numbered  lamps  reported  by  an  individual  laboratory.  Then 
was  used  as  the  x coordinate  and  y^^  was  used  for  the  y coordinate  to  plot 
a point  which  represents  each  laboratory  on  a graph  (see  figure  1).  The  point 
for  each  laboratory  is  designated  by  a letter. 


General  Electric  G 
Electrical  Testing  Laboratory  E 
Westinghouse  W 
Duro  Test  D 
National  Bureau  of  Standards  N 
Sylvania  S 
Champion  C 
Interlectric  I 


The  point  which  represents  the  averages  for  the  two  groups  of  lanps  for  all 
laboratories  (x,y)  is  designated  by  a solid  circle  on  the  graph.  A line  has 
been  drawn  through  (x,y)  at  to  the  axes. 

If  only  random  errors  were  present  in  the  reported  values  the  eight  points 
(xj,yj^)  would  cluster  around  the  average  point  (3f,y)  in  an  approximately  cir- 
cular pattern.  On  the  other  hand  if  x^  differs  from  x by  L lumens  and  if  y^ 
differs  from  y by  the  same  number  (L)  lumens  the  point  representing  the  individ- 
ual laboratory  will  lie  precisely  on  the  line.  The  distance  from  (x,y)  to 
(Xfjyj^)  along  the  line  is  proportional  to  the  laboratory  bias. 

Since  in  the  reported  values  for  lumens  both  random  errors  and  laboratory 
bias  exist,  the  points  form  an  elliptical  pattern  with  the  ii5®  line  as  the 
major  axis.  When  the  biases  are  relatively  large,  as  they  are  in  this  case, 
the  ellipse  is  elongated  and  the  points  lie  more  or  less  closely  along  the 
line.  Mien  the  random  errors  are  large  the  points  lie  away  from  the  line, 
the  larger  the  random  errors  the  further  from  the  line,  and  the  ellipse  be- 
comes more  circular  in  shape. 

Lines  from  the  points  representing  each  laboratory  have  been  drawn  per- 
pendicular to  the  line.  The  distance  along  the  line  from  the  average 
point  (5c,y)  to  the  foot  of  the  perpendicular  line  when  divided  by  is  an 
estimate  of  the  relative  laboratory  bias,  and  the  length  of  the  perpendicular 
line  divided  by  is  an  estimate  of  the  precision  of  the  laboratory.  It  may 
be  shown  that  these  distances  agree  with  the  value  obtained  by  a classical 
method  of  analysis  of  variance  when  x^  and  y^^  are  treated  as  pairs  of  duplicate 

measurements. ) 

The  results  reported  for  current,  lamp  volts,  watts,  lumens  per  watt, 
and  for  the  x and  y chromaticity  coordinates  have  been  treated  in  the  same  way. 
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The  graphs  are  shown  in  figures  2,  3,  li,  6,  and  ?• 

Figure  8 is  a graph,  included  at  the  suggestion  of  one  of  the  participating 
laboratories.  It  shows,  plotted  along  the  y axis,  the  range  of  lumen  values  for 
the  group  of  six  lanps  by  each  laboratory  and  also  the  range  in  the  averages  for 
the-laope*  Along  the  x axiq  is  plotted  the  difference  between  the  average  re- 
ported by  each  laboratory  fpr  the  six  lamps  and  the  average  reported  by  all  the 
laboratories  (shown  as  A in  Table  1.) 
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Figure  6 
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U.S.  DEPARTMENT  OF  COMMERCE 

Frederick  H.  Mueller,  Secretary 

NATIONAL  BUREAU  OF  STANDARDS 

A.  V.  ABtih,  Director 

THE  NATIONAL  BUREAU  OF  STANDARDS 


The  scope  of  activities  of  the  National  Bureau  of  Standards  at  its  major  laboratories  in  Washington,  D.C.,  and 
Boulder,  Colorado,  is  suggested  in  the  following  listing  of  the  divisions  and  sections  engaged  in  technical  work. 

In  general,  each  section  carries  out  specialized  research,  development,  and  engineering  in  the  field  indicated  by 
its  title.  A brief  description  of  the  activities,  and  of  the  resultant  publications,  appears  on  the  inside  of  the  front 
cover. 

WASHINGTON,  D.C. 

Electricity  and  Electronics.  Resistance  and  Reactance.  Electron  Devices.  Electrical  Instruments.  Mag> 
netic  Measurements.  Dielectrics.  Engineering  Electronics.  Electronic  Instrumentation.  Electrochemistry. 

Optics  and  Metrology.  Photometry  and  Colorimetry.  Photographic  Technology.  Length.  Engineering 
Metrology.  “ 

Heat.  Temperature  Physics.  Thermodynamics.  Cryogenic  Physics.  Rheology.  Molecular  Kinetics.  Free 
Radicals  Research. 

Atomic  and  Radiation  Physics.  Spectroscopy.'  Radiometry.  Mass  Spectrometry.  Solid  State  Physics. 
Electron  Physics.  Atomic  Physics.  Neutron  Physics.  Radiation  Theory.  Radioactivity.  X-rays.  High 
Energy  Radiation.  Nucleonic  Instrumentation.  Radiological  Equipment. 

Chemistry.  Organic  Coatings.  Surface  Chemistry.  Organic  Chemistry,  Analytical  Chemistry.  Inorganic 
Chemistry.  Electrodeposition.  Molecular  Structure  and  Properties  of  Gases.  Physical  Chemistry.  Thermo- 
chemistry. Spectrochemistry.  Pure  Substances. 

Mechanics.  Sound.  Mechanical  Instruments.  Fluid  Mechanics.  Engineering  Mechanics.  Mass  and  Scale. 
Capacity,  Density,  and  Fluid  Meters.  Combustion  Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifications.  Poly- 
mer Structure.  Plastics.  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion.  Metal 
.Physics. 

Mineral  Products.  Engineering  Ceramics.  Glass.  Refractories.  Enameled  Metals.  Constitution  and  Mi- 
crostructure. 

Building  Technology.  Structural  Engineering.  Fire  Protection.  Air  Conditioning,  Heating,  and  Refrigera- 
tion. Floor,  Roof,  and  Wall  Coverings.  Codes  and  Safety  Standards.  Heat  Transfer.  Concreting  Materials. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathematical  Physics. 

Data  Processing  Systems.  SEAC  Engineering  Group.  Components  and  Techniques.  Digital  Circuitry. 
Digital  Systems.  Analog  Systems.  Application  Engineering. 

• Office  of  Basic  Instrumentation.  • Office  of  Weights  and  Measures. 

BOULDER,  COLORADO 

Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials.  Gas  Lique- 
faction. 

Radio  Propagation  Physics.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular  Propagation 
Services.  Sun-Earth  Relationships.  VIlF  Research.  Radio  Warning  Services.  Airglow  and  Aurora.  . Radio 
Astronomy  and  Arctic  Propagation. 

Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Modulation  Research.  Radio  Noise.  . 
Tropospheric  Measurements.  Tropospheric  Analysis.  Propagation  Obstacles  Engineering.  Radio-Meteor- 
ology. Lower  Atmosphere  Physics. 

Radio  Standards.  High  Frequency  Electrical  Standards.  Radio  Broadcast  Service.  High  Frequency  Im- 
pedance Standards.  Electronic  Calibration  Center.  Microwave  Physics.  Microwave  Circuit  Standards. 

Radio  Communication  and  Systems.  IjOW  Frequency  and  Very  Low  Frequency  Research.  High  Fre- 
quency and  Very  High  Frequency  Research.  Ultra  High  Frequency  and  Super  High  Frequency  Research.  Modula- 
tion Research.  Antenna  Research.  Navigation  Systems.  Systems  Analysis.  Field  Operations. 


